ABSTRACT Progressive changes in the attraction of waters harboring pre-imago populations of Aedes aegypti exposed to different levels of the entomopathogenic digenean Plagiorchis elegans to ovipositing conspeciÞc females were assessed under conditions of optimal food availability. The impact of ovipositional preference and parasitic infection on population structure and development was investigated. Probabilities that larvae progress from one stage to the next or die within 24 h were calculated for all life stages. Exposure to P. elegans cercariae did not signiÞcantly affect the attractiveness of larval-holding waters. Ovipositional preference increased signiÞcantly with growing biomass of the larval population, with the event of pupation and, in some cases, with late instar mortality. Exposure to various levels of the parasite signiÞcantly increased mortality of all instars, but most of the damage caused by the parasite occurred in the form of increased pupal mortality and decreased adult emergence. Exposure to the parasite signiÞcantly reduced the number of adults produced yet did not impair larval development. Thus, larval recruitment into environments containing P. elegans remains high, the structure of larval populations remains relatively normal, but few adults are produced.
ENTOMOPATHOGENIC CERCARIAE OF DIGENEAN parasites, among them Plagiorchis elegans, are highly infective to larvae of the yellow fever mosquito, Aedes aegypti. Parasitized mosquito populations experience elevated pre-imago mortality, greatly reduced adult emergence, and severe developmental abnormalities (Dempster et al. 1986 ). Asexual production of the parasite occurs within the tissues of its molluscan Þrst intermediate host and results in the daily release of large numbers of the entomopathogenic cercariae into the aquatic environment (Blankespoor 1974) . These cercariae penetrate and kill mosquito larvae, thus acting like a persistent, potent biological insecticide. The action of these parasites as natural enemies of mosquito larvae and their application as biological agents in their control is being investigated (Rau et al. 1991) . Assessments of this nature require a detailed knowledge of the population dynamics of the pest species, and how these interact with the control agent.
Populations of container-breeding mosquitoes, such as Ae. Aegypti, are regulated primarily by intraspeciÞc competition among larvae (Washburn, 1995) . The structure of larval populations is also greatly affected by periodic recruitment of new individuals into the population, which, according to Soman and Reuben (1970) , depends largely on patterns of female oviposition into the larval habitat. Location of a suitable oviposition site greatly inßuences the survival and development of the femaleÕs offspring (Bentley and Day 1989) . Females of Ae. aegypti oviposit preferentially into waters harboring moderate numbers of conspeciÞc larvae (Soman and Reuben 1970) . However, if such larvae are stressed as a result of crowding or starvation, they produce a potent oviposition repellent, which discourages conspeciÞc females from ovipositing into such environments (Zahiri et al. 1997) . Such repellency was also observed in waters containing larvae bearing sublethal infections of P. elegans Rau 1994, Zahiri and . Lowenberger and Rau (1994) found that the presence of cercariae in the water by itself had no effect on ovipositional behavior, but that repellence was clearly induced by infected larvae. Similar chemical communication has been reported for Culex (Hudson and McLintock, 1967) and for Anopheles (Reisen and Siddiqui 1978) .
In light of these factors, it is evident that infection with P. elegans may affect the population dynamics of Ae. aegypti in a number of ways that must be considered simultaneously to assess the potential of this parasite as a natural enemy of mosquitoes and as an agent in their biological control. Population dynamics of infected Ae. aegypti have been examined by Hartley (1996) and Nguyen et al. (2001) under conditions of constant daily recruitment into the population. It was the objective of the current study to examine the population structure and development of Ae. aegypti pre-imagos infected with P. elegans under conditions of variable recruitment as determined by direct oviposition into the population. It is expected that this will create a more realistic model of mosquito preimago population dynamics.
Materials and Methods
Aedes aegypti. A colony of Ae. aegypti was maintained in the laboratory at 27 Ϯ 1ЊC under a photoperiod of 16:8 h (L:D). Adults were kept in nylon mesh and glass ßight cages measuring 21 cm ϫ 21 cm ϫ 35 cm. Adult females were blood-fed twice weekly and provided with 10% saturated sucrose solution ad libitum. Oviposition sites consisted of 1-liter plastic food containers lined with Þlter paper and Þlled with 500 ml of distilled water to a depth of 4 cm. Females deposited eggs on the Þlter paper, usually at the water line. Filter papers were removed every few days, and eggs were kept moist for conditioning. Eggs were hatched in a suspension of 2 g/liter brewerÕs yeast in water, which also served to feed the larvae.
Plagiorchis elegans. The life-cycle of P. elegans was maintained in the laboratory. A colony of the snail Þrst intermediate host, Stagnicola elodes, was kept at 20 Ϯ 4ЊC and a photoperiod of 16:8 h (L:D). Snails were fed fresh lettuce and chalk ad libitum. Syrian hamsters, Mesocricetus auratus, served as experimental deÞnitive hosts and were fed P. elegans-infected mosquito larvae by gavage to establish the adult infection. Parasite eggs are passed with the feces of the hamster hosts, and once embryonated, were fed to snails. Plagiorchis cercariae emerge from their host at dusk. Thus, infected snails were placed into 20 ml of aerated tap water just before scotophase to collect large numbers of cercariae. Mosquito larvae were then exposed to P. elegans by adding cercariae to the larval holding water. The cercariae penetrated their tissues to form metacercariae. Details of these methods have been described previously Rau 1993, Zakikhani and .
Experimental Method. Experimental ßight cages identical to those used for laboratory colonies were furnished with two oviposition sites each. Both sites consisted of 1-liter plastic containers lined with white Þlter paper, and Þlled with 200 ml of distilled water. One of the initially identical sites in each cage served as a larval habitat once the Þrst eggs hatched (the larval holding site). The other site contained only distilled water, an environment considered to be neutral to ovipositing females (the neutral site). Forty male and 40 female adult A. aegypti were introduced into each ßight cage. This was done in batches of ten, over a period of 4 d, to obtain a mixed-age population of egg laying females. Females thus had a choice between ovipositing into the neutral or the larval holding site. Each day, the ovipositional attractiveness of each larval holding site relative to that of distilled water was determined as the percentage of the total number of eggs laid in the corresponding ßight cage that had been deposited into the larval holding site. Larval holding sites were considered attractive if this value was above 50%, and repellent if it was below. In this manner, an attractiveness index was deÞned.
Mosquitoes were blood-fed daily and provided with 10% saturated sucrose solution on cotton wicks ad libitum. Experimental colonies in ßight cages were maintained in the same manner as standard laboratory colonies. Brewers yeast at an amount of 0.1 g/liter, determined by Hartley (1996) to be near optimal for the development of larvae to the adult stage, was added daily to the larval holding sites as a source of food for larvae and a medium for bacterial growth. No yeast was added to the neutral sites.
Data collection began 4 d after the Þrst females started to oviposit. Filter papers with attached eggs were removed daily from all sites, and eggs were counted and incubated at 100% relative humidity and 27 Ϯ 1ЊC for 2 d to allow full embryonic development (Christophers 1960) . Liquid from larval holding sites was allowed to drip back through the old Þlter (lining the site) into the respective containers, which had been lined with fresh Þlter paper, to maintain continuity of the aquatic environment and its chemical properties. In contrast, water and Þlters in the neutral sites were renewed daily to maintain a constant neutral reference point.
After conditioning, eggs collected from the larval holding sites were hatched in a suspension of brewerÕs yeast. To generate realistic pre-imago populations, the number of larvae added daily to larval holding sites reßected a Þxed proportion of the eggs that had been deposited into this particular site over the day preceding the conditioning period. To maintain a population of manageable size, this proportion was arbitrarily Þxed at 21.25%, one fourth of the hatchability of 85% determined in preliminary experiments. No larvae were added to neutral sites.
In addition, populations in the larval holding sites of nine ßight cages were exposed to a low number of P. elegans cercariae (20/ml) and those of nine other cages to a high number of cercariae (40/ml). Nine further ßight cages contained larval holding sites with larvae that were not exposed to the parasite, and served as a negative control. Larvae were exposed to Plagiorchis by adding the appropriate number of cercariae to the larval holding sites, to generate the correct concentrations. The numbers of cercariae added were estimated volumetrically on the basis of ten 20-l samples of cercarial suspensions from laboratory-infected snails. No cercariae were added to the neutral sites of any ßight cages.
A complete census of live and dead larval instars, pupae, and adults in larval holding site was conducted each day to document progressive changes in the populations. Pupae were transferred to individual vials Þlled with distilled water to allow subsequent retrieval of emerged adults. Adults were sexed and counted. Every 2 d, any dead larvae were removed, crushed, and examined for infection under a compound microscope at a magniÞcation of 100 times to ensure infec-tion had occurred. Carcasses were then returned to the corresponding holding sites because they provide an alternate food source for the larvae.
Each ßight cage represented one experimental unit. Data were collected daily for 14 d. The nine replicates were divided into three balanced blocks over time. The experiment thus followed a 1 ϫ 3 factorial randomized complete block design with repeated measures in time.
Transition Probabilities. To quantify the progressive changes in the development of the population, transition probabilities were calculated. These calculations were based on an adaptation of a Markov-chain type model developed by Nguyen et al.(2001) . A transition probability is the probability that one stage will develop to the next within a Þxed time interval. For this study, probabilities were calculated from raw data for 24-h periods ( Fig. 1 .) All probabilities were calculated for each of the 14 d, generating a time series for each probability. Calculations were performed using Microsoft Excel 97 spreadsheets.
Statistical Analyses. Mean time-dependent transition probabilities and ovipositional preference were calculated and graphed using Jandel ScientiÞc Sigma Plot software. Analysis was then performed using an analysis of variance (ANOVA) with repeated measures in time with days as the repeated factor using SAS 6.1 software (SAS Institute 1999). The general linear models procedure with its statement RE-PEATED was applied. Results of the univariate and multivariate approach were used as appropriate. MauchlyÕs sphericity test was applied to verify homogeneity of covariance. In cases in which this condition was not met, an adjustment of the probabilities of signiÞcance of the univariate ANOVA F-tests was executed using the Huyn-Feldt Epsilon correction factor (Howell 1999) .
Repeated-measures ANOVA was also used to analyze total biomass and individual instar abundance. Biomass was expressed in the form of fourth-instar equivalents. The weight of individual fourth instars is 40 times greater than Þrst instars, 12 times greater than second instars, and 2.2 times greater than third instars (Christophers 1960) . Total adult production was compared using ANOVA tests with SAS software. Post hoc comparisons were made by multiple t-tests using the Student-Newman-Keuls approach. Proportional data were transformed using arcsine square-root transformation; population count data were square root transformed (Zar 1996) .
Cross-Correlations of Time Series. To determine whether ovipositional preference of adult females was affected by the development of larvae in oviposition sites, cross-correlations between time series of ovipositional preference and transition probabilities were conducted. The procedure ARIMA in SAS economics Fig. 1 . Time-dependent transition probabilities. Pxx, the probability that an instar remains at stage x in 24 h; Pxy, the probability that an instar will move from stage x to stage y in 24 h; Pxd, the probability that an instar of stage x will die in 24 h; X, the number of Þrst instars added each day; a, the total number of dead and live larvae on the present day; m, the larvae that were present the previous day; n, the live larvae counted the present day; d, the dead larvae counted on the present day; t, the number of larvae that transformed from the previous stage (e.g., t 3Ð4 , the number of larvae changed from third to fourth instar).
and time series was used to perform these calculations. Proc ARIMA uses the Box and Jenkins (1976) method to create models of time series. Cross-correlations were calculated using the ÔidentifyÕ statement. Linear correlations between points were calculated between values of the different time series for different time lags. No attempts at model building were made in this study.
Results
The development of Þrst instars ( Fig. 2A and B ) changed signiÞcantly over time (P11: P ϭ 0.001; P12: P ϭ 0.02) and was characterized by periodic increases and decreases. The total number of Þrst instars present in the population also showed signiÞcant variation over time (P ϭ 0.0026) (Fig. 3) . Infection with P. elegans had no signiÞcant effect on development. However, Þrst instars showed signiÞcantly increased mortality with increasing levels of parasite exposure (P ϭ 0.001). Mortality was also affected by time (P ϭ 0.0003) (Fig. 2C) .
Second instars also manifested signiÞcant differences in development over the 14-d experimental period (P22: P ϭ 0.001; P23: P ϭ 0.0001). Transition probabilities ( Fig. 2D and E) rose to almost 50% on day 4 and then ßuctuated between 25% and 40% for the remainder of the study. As with Þrst instars, the total number of second instars showed a signiÞcant change with time (P ϭ 0.0006), increasing slightly but steadily over the 2 wk (see Fig. 3 ). Their transition probabilities were not affected by exposure to the parasitic. Mortality of second instars (Fig. 2 F) was signiÞcantly affected both by time (P ϭ 0.0234) and by exposure to the parasite (P ϭ 0.0074). In contrast, control populations experienced very low mortality rates. Parasiteexposed populations manifested mortality peaks on days 4 and 10. Heavily exposed populations showed the highest mortality of Ϸ12% on day 10, whereas at light exposure, mortality never exceeded 7%.
Transition probabilities ( Fig. 2G and H) revealed that third-instar development differed signiÞcantly only over time (P33, P34: P ϭ 0.0001). Total numbers of third instars (Fig. 3) increased signiÞcantly over time (P ϭ 0.0001) and decreased in the presence of the parasite (P ϭ 0.0222). However, the effects of exposure to high and low parasite numbers did not differ signiÞcantly. Exposure to infection, regardless of its level, signiÞcantly increased mortality (P ϭ 0.004) (Fig. 2I) . Although not signiÞcant, a higher level of exposure appeared to increase third-instar deaths. As with second instars, mortality peaked on day 4 and between days 8 and 10, but there appeared to be a second peak on day 14. The peak between days 8 and 10 is conceivably responsible for the decrease in P34 on day 9 (Fig. 2G ). Exposure to P. elegans had no impact on third-instar development (Fig. 2G) . Thus, mortality associated with the various treatments remained statistically unchanged over time.
As in the case of third instars, development of fourth instars (Fig. 2K ) changed signiÞcantly over time (P44, P4p: P ϭ 0.0001), with peaks in pupation on day 7 and again after day 9. Time did not signiÞcantly inßuence fourth-instar mortality (Fig. 2M) , and the number of fourth instars increased with time (P ϭ 0.0001). Exposure to parasites had no impact on development or on the number of individuals; however, it signiÞcantly increased mortality (P ϭ 0.0276). Highly exposed populations appeared to have the highest mortality, particularly on day 7, yet there were no effects attributable to the level of exposure, according to post hoc comparisons (Fig. 2M) .
Adult emergence was signiÞcantly affected by time (P ϭ 0.001) (Fig. 2N) , whereas Ppp was not. There was a slight increase in Ppp in the absence of the parasite, although this difference was not statistically signiÞ-cant. The total number of pupae produced each day showed a signiÞcantly different pattern over time (P ϭ 0.002), decreasing at high levels of parasite exposure (P ϭ 0.0072). Exposure to parasites signiÞcantly reduced adult emergence (P ϭ 0.011). This was most pronounced in the case of heavy exposure. Pupal death (Fig. 2P ) was also signiÞcantly different for all treatments (P ϭ 0.0142). The highest mortality occurred in heavily exposed populations, whereas control populations experienced very low mortality. Standard ANOVA analysis revealed a signiÞcantly lower total level of pupal production over the 14-d period (P ϭ 0.0001) in heavily exposed populations and an apparent, but not statistically signiÞcant, difference in populations at light exposure (Fig. 4) .
The biomass of the larval population (Fig. 5) , expressed in fourth-instar equivalents, increased significantly with time (P ϭ 0.0001). All three treatments yielded a signiÞcantly different biomass (P ϭ 0.0052), which was highest for the control populations, and lowest for the heavily exposed populations.
Adult production (Fig. 4 ) differed signiÞcantly with all three treatments (P ϭ 0.0001). Thus, control populations produced almost eight times as many adults as population with heavy exposure and three times as many adults as populations with light exposure.
Total larval and pupal mortality over the 14-d period was signiÞcantly higher in heavily exposed populations than in control populations, and in populations exposed to low levels of the parasite (P ϭ 0.0014).
The ovipositional preference of females (Fig. 6 ) varied signiÞcantly over time (P ϭ 0.0001). It remained low or neutral for the Þrst 7 d, and then peaked during the remaining days of the experiment; however, the presence of the parasite had no signiÞcant impact on the oviposition site selection of mosquitoes (P ϭ 0.3702). Populations exposed to high levels of the parasite remained below 50% preference during the Þrst 8 d (Fig. 6 ). All P values obtained from repeated measures ANOVA are presented in Table 1 and Table  2 .
Cross-Correlations of Time Series. Oviposition was cross-correlated with pupation, biomass, and late-instar (third and fourth instar) mortality. In unexposed control populations, ovipositional preference correlated with pupation with a signiÞcant correlation factor of 0.585 without a time lag, and with a signiÞcant correlation factor of 0.636 with a time lag of 2 d. 
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SigniÞcant correlations with biomass occurred with a factor of 0.696 when no time lag was considered, and with a factor of 0.579 at a time lag of Ϫ1 d. Ovipositional preference increased signiÞcantly with late-instar death without time lag and a correlation factor of 0.573, and with a 1-d time lag and a correlation factor of 0.584. Populations exposed to low levels of P. elegans showed similar characteristics. In the absence of a time lag, ovipositional preference was signiÞcantly correlated with pupation with a factor of 0.594. With a 2-d time lag, the correlation factor increased to a signiÞ-cant value of 0.618, whereas with a 3-d time lag, the correlation factor decreased to 0.544, which was only marginally signiÞcant. Correlation with biomass was signiÞcant in the absence of a time lag with a factor of 0.682, and with a Ϫ1-d time lag and a factor 0.544. No signiÞcant correlation was found between ovipositional preferences and late-instar mortality at a low level of exposure. However, when infection was high, signiÞcant correlation between ovipositional preference and pupation occurred without a time lag and a factor of 0.581, with a Ϫ1-d time lag and a factor of 0.720, and with a Ϫ2-d time lag and a factor of 0.685.
Ovipositional preference correlated signiÞcantly with biomass with a factor of 0.798 and without a time lag, with a factor of 0.530 when the time lag was Ϫ1 d, and with a factor of 0.574 when the time lag was 1 d.
The signiÞcant correlation factors in the case of lateinstar mortality were 0.746 when no time lag was considered, and 0.530 when the time lag was 2 d.
Discussion
This study documents the impact of P. elegans on larval recruitment, pre-imago development, mortality, and adult emergence of Ae. aegypti under conditions of high food availability. Development of pre-imagos was not signiÞcantly affected by the presence of the parasite. Although the total biomass of parasite-exposed populations, particularly that of third instars, was signiÞcantly lower than that of controls, exposure did not inßuence the pattern of development. The remarkable similarity of transition probabilities between different time series suggests that the development of immature Ae. aegypti follows a distinct, and probably optimal, developmental pattern. Mortality and transition probabilities suggest a cyclical pattern, as reported by Hartley (1996) . Hartley (1996) and Nguyen (2001) suggested that in nutrient poor environments, the presence of the parasite may enhance the development of early instars, because later instars are selectively killed and competition for resources declines. However, in the current study, food was abundant and competition for food was correspondingly low. Under such conditions, other factors, conceivably changing ovipositional preferences in response to changes in population structure may have been of primary importance to population development and structure. Thus, a large inßux of Þrst instars as a result of reduced crowding after late-instar death may quickly negate any beneÞts that might accrue to surviving larvae.
The total biomass was reduced signiÞcantly, but not substantially by the parasite (Fig. 5) . This reduction in biomass is attributable to a somewhat higher mortality of all larval stages in parasitized populations. However, early instars were much less affected by the parasite than later instars. This supports the Þndings of Dempster and Rau (1990) , that third and fourth instars are more susceptible to entomopathogenic cercariae than are Þrst and second instars. Mortality of second instars never rose above 12%, whereas pupal death reached almost 50% in highly infected populations. Figure 2F shows that second-instar mortality, although always remaining at low levels, was noticeably increased with exposure intensity, whereas third-instar death (Fig.  2I ) did not differ substantially with different levels of parasite exposure. Higher exposure did not increase mortality. Such Þndings may be attributed to the higher sensitivity of early instars to cercariae. Although they are infected less frequently, even a single cercaria kills such a small larva, whereas third instars may survive infection Rau 1987, 1990) . Death of late instars increased toward the end of the 14-d period, probably as a result of the effects of crowding (Wada 1965) .
Most Ae. aegypti mortality occurred in the pupal stage. This supports the results of Rau et al. (1991) . Because early instars and pupae are less susceptible to cercarial acquisition (Dempster et al. 1986 ), such high levels of mortality are most likely because of the accumulation of metacercariae during the late larval stages. The lethal effects are deferred until pupation and adult emergence. As a result, infected populations produced signiÞcantly smaller numbers of adults. Dempster and Rau (1990) found that infected pupae could still give rise to adults. However, in their study, the infections were administered only in the pupal stage, thus avoiding the cumulative effect of long-term developmental damage. Toward the end of the 14-d period of observation, emergence of adults increased in parasitized populations. This may be a result of the fact that because the total number of cercariae added each day remained constant, the number of cercariae per larva declined as the larval population rose, and more individuals were able to escape the infection and successfully complete their development.
The total number of adults produced throughout the 14-d period was signiÞcantly higher in control populations. In fact, populations exposed to a high level of P. elegans cercariae experienced an 88% reduction in the number of adults produced. Exposure to a lower level of cercariae resulted in a 66% reduction in adult emergence. These values are in line with reduction in the number of Ae. provocans reported from the Þeld by Rau et al. (1991) .
Thus, P. elegans targets primarily late instars of Ae. aegypti, and its effects are manifested in the form of pupal mortality and failure of adults to emerge. Such delayed effects are of some advantage because density-dependent competition may continue to act on early instars, and is not affected by the death of nonfeeding pupae. Adult populations are thus successfully reduced whereas larval populations remain largely unaltered. This may minimize the impact on the ecological system as suggested by Lounibos et al. (1997) . Furthermore, few cercariae are expended at killing early-instar larvae that would normally succumb to density dependent factors. Such action may enhance the role of P. elegans and other digeneans as natural enemies of mosquitoes and may add to its usefulness as a potential agent in their biological control.
The attractive and repellent effects of larval holding water on ovipositing Aedes females are well documented (Maire 1985a (Maire , 1985b Allan and Kline 1998; Soman and Reuben 1970; Lowenberger and Rau 1994; Zahiri et al. 1997) . Ovipositional preference of females in this study varied signiÞcantly over time and is attributable, in part, to concomitant changes in population biomass. Attraction remained low over the Þrst 8 d, and then increased to peak with over 75% on day 11. This was followed by a decline in attraction, but rose a second time after day 13. Initial increases in preference were most likely the result of increasing larval biomass, and were followed by a reduction attributable to the effects of crowding. Finally, attraction rose again when increasing mortality of late instars ( Fig. 2I and M) reduced crowding.
Ovipositional preference was signiÞcantly correlated with the biomass of the population. This correlation was strongest without a time lag. Thus, an increase in the larval population was characteristically accompanied by an increase in the attractiveness of the holding waters. This conÞrms reports by Bentley et al. (1976) for Aedes species. No negative correlations between ovipositional preference and biomass were observed. Starved or crowded larvae may render holding waters repellent to ovipositing females (Zahiri et al. 1997 ). However, larvae in this study were well fed, and crowding was probably not severe enough to reduce attraction let alone to cause repellency.
Pupation was also positively correlated with ovipositional preference with time lags between 0 and 3 d. Pupae no longer feed (Christophers 1960 ) and probably no longer interfere with larval feeding. They may thus be removed from competition, allowing an increase in the overall Þtness of remaining individuals. This, in turn, may have caused waters to become more attractive, and led to enhanced recruitment of eggs and subsequent Þrst instar larvae.
Similarly, in populations exposed to large numbers of P. elegans cercariae, pupation was correlated with ovipositional preference with negative time lags. However such populations also showed a highly signiÞcant positive correlation between ovipositional preference and the death of late instars. As parasiteexposed larvae pass through successive instars and approach pupation, they are also more likely to die of accumulated parasite burdens. Larval death reduces crowding as individuals are removed from the population, which may further increases the Þtness of surviving individuals. Further increases in Þtness as a result of removal by pupation may not have been signiÞcant enough to increase the attractiveness of the environment to ovipositing females.
The attractiveness of waters did not differ signiÞ-cantly with treatments. The overall pattern of ovipositional preferences was similar in the three levels of infection, and seems to follow a characteristic pattern. Although not statistically signiÞcant, there was a difference between the three curves in Fig. 6 . Thus, highly infected populations experienced an initial decrease in oviposition attractiveness in comparison with the other curves. This conÞrms that repellency is exerted only by living infected larvae (Lowenberger and Rau 1994 ). In the current study, a consistent signiÞcant repellency attributable to infection with P. elegans as described by Lowenberger and Rau (1994) and Zahiri and Rau (1998) was not observed. This may be a result of several factors. The water contained a population consisting of infected and uninfected individuals of different ages. The attraction exerted by uninfected larvae may have been strong enough to override any repellent effects. Similarly, the death of infected larvae may have removed their repellent effect and may have caused a concomitant increase in the Þtness of the population. This may have compensated for any repellency produced by surviving infected larvae. In addition, unlike earlier studies, larval waters in this experiment were not changed throughout the 14 d. Thus, an accumulation of bacteria may have contributed to the attractive properties of the water. The presence of mosquito larvae has been found to increase total levels of bacteria in natural and artiÞcial treeholes (Kaufman et al. 1999) , and bacteria may serve as a strong ovipositional attractant (Hasselschwert and Rockett 1988). Furthermore, Ae. aegypti display Ôskip-ovipositionÕ in the laboratory (Corbet and Chadee 1993). Thus, females disperse their eggs over several sites, rather than depositing them all in one place. Because only two choices were provided for females to oviposit, this may have forced females to lay more eggs in unattractive containers, thus minimizing differences between sites. The presence of conspeciÞc eggs may also affect oviposition attractiveness. Thus, Chadee et al. (1990) noted that Aedes species avoid waters containing eggs of conspeciÞcs. In contrast, Edgerly et al. (1998) found that female Ae. triseriatus were attracted to oviposit into habitats containing conspeciÞc eggs. However, because eggs in the current study were removed daily, this is not likely to have a major impact on oviposition preference. The sustained attractiveness of waters harboring P. elegans-infected larvae enhances the suitability of these organisms as an agent in the biological control of mosquitoes. Thus, ovipositing females continue to be drawn to waters containing the entomopathogenic cercariae and infected conspeciÞc larvae, instead of being deßected to other environments. As a result, there is an increased probability that they will lose their reproductive investment and will not contribute to the adult population.
